THALES

we can all trust

-

A value-driven, integrated
approach to Model-Based
Product Line Engineering

INCOSE International Symposium 2021

Juan Navas Thales Corporate Engineering

Stephane Bonnet Thales Avionics Technical Directorate

Jean-Luc Voirin Thales Airborne Systems — Thales Technical Directorate
Guillermo Chalé Thales Corporate Engineering

www.thalesgroup.com




Questions that arise when implementing Product Line Engineering
practices in large organizations include:

What methods
can be applied to
architect, design
and build the
contents of a
product line?

How to verify the
consistency of
alternatives and
options at different
system levelse

How to align the
architecture and
design of a
product to market

and business
analyses?

Is a feature model enough to
understand what each product
opftion or alternative consists of,
or should tacit knowledge be
made explicit to make informed
design choices?e

How to guarantee
that each defined
configuration results
in a feasible and
valid architecture?




To tackle the challenges that arise when trying to implement PLE practices
In large organizations, we require an

intfegrated Product Line approach

that connects and aligns market and business analysis, architecting,
design, engineering and manufacturing,

anchored in Model-Based Engineering practices

enabling rigorous workflows and
facilitating a collaborative work between business domains
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The value-driven, integrated approach to

Model-Based Product Line Engineering, presented through a
case study

This document may not be reproduced, modified, adapted, published, translated, in a

part or disclosed to a third party without the prior written conse

THALES

4 REF XXXXXXXXXXXX P
Name of the company / template : 87211168-DOC-GRP-EN-005 Building a future we can all trust



I Product Line Engineering (PLE)

©Thales 2020 All rights reserved.

| Product Line

A family of similar products with variations in purpose, functions, and structure

] PLE

The engineering of a product line, taking advantage of shared assets among the
products and common production facilities
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I Principles of the product approach - Technical perspective

Clone and own Component library Framework Superset platform (“150%")

whole orin

© Thales 2020 All rights reserved.

in any way, in v

config
©
- +easy fo use + some sharing + substantial reuse + substantial reuse
2e  +independence + simple interfaces + standardization + automation
- —no sharing - small-scale reuse — complex interfaces + variability
t3  —Risk of Branching hell — limited coverage — stfrong dependency management
E3 —some dependency — complex configuration
82 - stfrong dependency

From K. Czarnecki, U. Waterloo T H /\ L E S
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I Features

| A feature is a distinctive characteristic of a system of interest

» Allows to manage the commonalities (mandatory) or variability (option,
alternative) of the product

» Covers both functional and non-functional aspects
» Can be understood by end-users and/or other stakeholders

<:> Peformances .
<:> o Q@D <:>
Requirements @OC@D

OPEN
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I Model-Based Systems Engineering (MBSE)

| Formalized application of modelling
techniques to support the engineering
activities, using a combination of static,
dynamic and executable models

> Focused on developing consistent architectures

Support
Engineers

o |

Requirements
Manager

Customers \j \/ ﬁ
> Enabling analysis and supporting optimization, trade-

off studies, and V&V
| A shift in the nature of representation of Shared
systems System Models
Architects Others
> From natural text and ad-hoc drawings to explicit,

This document may not be reproduced, modified, adapted, published, franslated, in any way, in whole or in
part or disclosed to a third party without the prior written consent of Thales - © Thales 2020 All rights reserved.

unambiguous, structured data and representations
SW/HW
| Increased rigor, improvements in quality Designers & .WQManager
evelopers
and communication, tfraceability,
productivity, etc.
THALES
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The pillars of our MBSE approach

Language

ARCADIA

Tool

== Capella / Method
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I ARCADIA Perspectives N4

ARCADIA

o
o

t

Arcadia drives you to adopt certain perspectives
to ensure the consistency and completeness of your architecture design

Perspective Objective
(%)
LLI
E Operational Analysis What the stakeholders need to accomplish
e
&
% System Needs Analysis What the system has to accomplish for the stakeholders
et
(Z) é Conceptual Architecture How the system will work to fulfill expectations
= O
=
0%
o X Finalized Architecture How the system will be developed and built
o

THALES
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I Today’s content

Our building blocks:
Product Line Engineering & Model-Based Systems Engineering

The value-driven, integrated approach to
Model-Based Product Line Engineering, presented through a case
study

This document may not be reproduced, modified, adapted, published, franslated, in any way, in whole or in
part or disclosed fo a third party without the prior written consent of Thales - © Thales 2020 All rights reserved.

THALES
REF X0000a0aKcaKx rev xxx - date

Name of the company / template : 87211168-DOC-GRP-EN-005 Building a future we can all trust

B



1, franslated, in any way, in whole orin

This document may not be reproduced, modified, adapted, pu

Value-driven, integrated approach to Model-Based Product Line

©Thales 2020 All rights reserved.

hales

part or disclosed to a third party without the prior written consent of T

e

Engineering

s

takeholders Value

\

e

Product Value

\

Business or
Mission
Analysis

Operational
Analysis

Market
Analysis
and
Segmentati

Product
Need
Analysis

Value and
variability
analysis

Commerci
al Portfolio
Definition

-

on/

REF XXXXXXXXXXXX rev xxx - date

N\

—/

Name of the company / template : 87211168-DOC-GRP-EN-005

—

Architectural Design

Architecture
Design

Variability
Qrientation

Variability
Implement
ation and
Mastering

Building
Strategy

Building
Blocks
Variability
Managem
ent

N

—

THALES

we can all trust

N



Stake holde&‘vﬁlbe d'|:>'e'rspe,c:"ﬁve




I 3 threads of interrelated activities
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| Business and mission analysis

» Covers business strategy (business models, target markets and segmentation, product
roadmaps, value propositions and differentiators), high-level operational needs and
functionalities, architectural concepts or orientations

| Operational analysis

» Formalizes the outputs coming from the business and mission analysis. The expectations of
the stakeholders are expressed in terms of operational capabilities, missions, scenarios,
operational processes and related operational activities

| Market analysis and segmentation

» Customer profiles are established to describe each customer segment, collaboratively with
marketing and sales tfeams. Throughout these analyses, stakeholder-level alternatives and
options emerge.

OPEN I I I A L E S
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I Value analysis — Customer profile

©Thales 2020 All rights reserved.
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| The customer profile describes a specific
customer segment in a structured and
detailed way

| For each stakeholder,

» Jobs: What the stakeholder is trying to get
done in their work

» Pains: Anything that annoys the stakeholder
before, during and after trying to get a job
done

» Gains: The outcomes and benefits the
stakeholder would welcome
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I Stakeholders operational capabilities

Farmer

© Thales 2020 All rights reserved

Keep the livestock safe

Contral crops performance and guality

1

Agricultural Services

=

&

Demaonstrate quality to customers

i

Provider
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I Operational activities
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Farmer - Customer profile
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[PAIN] Reduce culture
quality due to
inappropriate

treatments

[GAIN] A user-friendly
{ck HIMI with clear
recommendations

[GAIM] fine-grain
following of the
evolution of crops over

time

@ Supervise the health of
the culture

E|

/ Diagnose and take
/ @ decisions leading to

achieve business
objectives

analyse the cultures

[GAIN] Gain
{c} independence to  \

-
~

require way mo
navigation capabilities
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... but a solution covering high-
priority needs wi
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Crganize monitoring
" and interventions in
the field

Supervise field's
@R infrastructure and
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b [GAIMN] Look modern
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(R} Intervens in the fisid

[PAIMN] Too much time
- between detection and
intervention

[GAIMN] Generate

autom

re than aerial

[PAIM] Late detection
of infrastructure
damages

T —

atment plan for the
culture

The market opportunity for drones is
justified: it would allow farmers to
supervise and intervene faster...




I Variability emerging at operational analysis level

- Variation Types:
I Mandatory

# Optional Environmental

@& Alternative conditions
#® Or

Key point - dimensioning variabilities can be captured
even before defining the product of interest

This document may not be reproduced, modified, adapted, published, franslated, in any way, in whole or in
part or disclosed to a third party without the prior written consent of Thales - © Thales 2020 All rights reserved

THALES
REF X0000a0aKcaKx rev xxx - date

Name of the company / template : 87211168-DOC-GRP-EN-005 Building a future we can all trust

B






I Product needs analysis

| System needs analysis

©Thales 2020 All rights reserved.

» Establishes what the product shall accomplish for the stakeholders
» Performs functional and non-functional analysis
» Consolidates requirements

| When performed at a Product level
» |Is accompanied by a product value analysis
» Exhaustively covers all the needs of the targeted market segments (150% model)
» Starts idenftifying commonalities and variabilities between market segments needs

This document may not be reproduced, modified, adapted, published, translated, in any way, in whole or in
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I Product value analysis

ed, adapted, published, translated, in any way, in whole or in
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| The value map describes the value
proposition in a structured and
detailed way

» Products & Services: what the product
offers and what helps stakeholders
complete their jobs

» Gain creators: how the products and
services help create customer gains

2 Pain relievers: how exactly the product
and services help eliminate or reduce
specific customer pains.
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I Correlating value analysis and product capabilities
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Fly Acquire data (pictures, videos, scans, etc.)
[GAIM][AGRO] Access @ @fﬁ
i to advanced
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Plan missions
' Visualize data [pictures, videos, scans, etc)]
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{C} Comprehensive crop [ -
maintenance support ol c
&5
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I Product needs variability analysis

| Possible sources of variability (not exhaustive)
> Variability already identified in operational analysis / stakeholder value analysis

©Thales 2020 All rights reserved.

> Market segments specificities, geographic specificities, etc.
» Non-functional concerns: e.g. safety controls due to regulatory frameworks
» Orchestratfion of features: e.g. switchover from auto to manual navigation mode

| Commercial portfolio definition

» Definition of product standard configurations, which are selections of coherent
features opftions or alternatives.

This document may not be reproduced, modified, adapted, published, translated, in any way, in whole or in
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Variability on product capabilities

CORE CAPABILITIES VARIABILITY ON AUTOMATION

F
Y _r‘*@ Manually pilot the drone
@ L @ Automatically follow a flight plan

Acquire data (pictures, videos, scans) @ Manually acquire data

q,._._._.__.——J
@ @ Automatically acquire data

VARIABILITY ON DATA EXPLOITATION

Visualize data (pictures, videos, scans) __ﬂ@ Visualize data after navigation

@ SZJ @ Visualize data in live during navigation

Analyze data F‘"“‘@ Analyze data after navigation

Analyze data in live during navigation

Key point — Capabilities capture the most structuring variability, that will be reflected,
enriched and formalized in the feature model
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Need-level feature model and standard configurations
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Variability on functional chains
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4 [ VARIABILITY OM AUTOMATION
4 Manually pilot the drone

es
apIues ana servic
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F) Nawgatnon

-~ [Systemn Capability Invelvernent] to PhytaDrone System
4 & Automatically follow a flight plan

b, Automatically control dmne mation and crientation
b S, Automatically fo

Autornatically control drone motion and orientation with obstacle avol
A, Autornatically follow a moving target with obstacle avoidance D
£y [Abstract Capability EBxtend] to Visualize data (pictures, videos, scans, etc.)
—+ [Abstract Capability Generalization] to Fly

—¥ [Systermn Capability Involvernent] to Phytalrone System
i+ |@ Manually sprinkle substance|
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Key point - simultaneous construction of Architecture and Feature Models
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Variability on functions

cme ==

thermal image gcquisition order
Capture still images

", @ ® Agricuture

» @ ® Securty

s ®F Inspection
R (@) Detection

of fuselage dents

b=l light

0 Do nsas Donfila
& Duw

| imap4

D=fl thermal image

30 image

(5 Process mission data| D=8 HD video
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F
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L

multi spectral image

D=l thermal image

30 image

3D image
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order
hd
&) Scan C=H rflection

Key point - fine-grained variabilities can be carried by Functions, Functional Exchanges, ...
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Product archieciural design
perspective




I Product architecture
| Architecture modeling
» Perform solution functional analysis and non-functional analysis

> Define the components: scope (functional expectations) and interfaces
(between them and with external actors)

©Thales 2020 All rights reserve:

» Conduct co-engineering (e.g. performance, safety, cyber, ...)

| At a product level

» Design a solution that satisfies the needs of the addressed market segments:
the « 150% » product architecture

> Master impacts of variability, check the consistency between architecture,
feature model and configurations contents

ument may not be reproduced, modified, adapted, published, translated, in any way, in whole or ir

part or disclosed to a third party without the prior written consent of Thales

» Easily produce / initialize project-specific solutions

This doc
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Product architecture

Barometric altimeter

Pressure sensor

- ©Thales 2020 All rights reserved.

Gyroscope

P
Orientation sensor

Inertial measurement unit

Accelerometer

Motion sensor

GPS receiver

Position sensor

LOW

and vertical speed

Compute drone attitude

Measure air O:Ei:‘;:n Measureaccelera lacquire NAVIGATION
pressure - position, velocity tion and position and al
angular velocity and orientation PRECISION
\ A y, Kl . —
fir pressure altitude angul;; (i P Sensing apd estimation
Y] veloc angular rate relative ppsiti
Estimate drone altitude . & 6-axis aocelerati)n .

FUNC-REQ-005
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- The altitude and vertical computation shall
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- The drone attitude computation shall

OPEN

FUNC-REQ-007

- The position, speed and heading
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Product architecture

Barometric altimete Gyroscope Inertial measurement un Accelerometer

Pressure sensor Orientation sensot
HIGHER
NAVIGATION
PRECISION

Measure
orientation,

Measure air

ressure ;
P angular velocity|

Microcontroler

air pressure altitude  2ngular orientation e
7] i1 velocity angular rate | relatiye position 6-axis pccelefation

Estimate drone altitude — &AM ¥} -2xi feration relativemp:;i:;n | i . '
and vertical speed Compute drone attitude C 2
. pu ) ; - '
L L

v, L L L
Compute position, speed and heading

Key point — design choices not only redlizlé the required vari-abiiii‘ié-s, but also infroduce new

variabilities to be captured in Feature Models

inertial measurement unit for enhanced
precision

unit and the one coming from the
acceleromter for an enhanced precisior
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Key messages

;; Implement configuration & Chose applicable variants and
—@ derivation mechanisms instantiate asset repositories

What engineering artifacts are - _
affected and how dependencies

|::, R s Rsesiied  Challenges: defining core assets
I CIAMAYETEGITIWAN & having one single point of truth

1. Use Systems Engineering Deep understanding of
2. Perform good SE business context
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A value-driven approach
founded on Model-Based
Engineering, is a key enabler for
effectively implementing
Product Line Engineering
practices in large organizations
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